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ABSTRACT 

Van Allen and Krimigis [1965] f ind  tha t  solar  e lectrons 

diffuse through the interplanetary medium a t  a r a t e  which i s  

similar t o  t h a t  of protons of the sane velocity,  despite the  

d ispar i ty  by a f ac to r  of 2 x lo3 i n  t h e i r  respective magnetic 

r i g i d i t i e s ,  and they suggest t h a t  t h i s  f a c t  serves t o  extend 

knowledge of the s t ructure  of the interplanetary magnetic f i e l d  t o  

much smaller scale than has been measured [Coleman, 19663. This 

suggestion i s  developed quantitatively in  the framework of 

Roelof's [1965] theory. It i s  found t h a t  the power spectrum of 

the interplanetary magnetic f i e l d  var ies  inversely a s  the square 

of the frequency f i n  the range 2.7 x 10 < f 4 0.5 cps. -4 
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INTRODUCTION 

The propagation of solar cosmic rays through the in t e r -  

planetary medium has been described--with a fa i r  measure of success 

[Parker, 19633 [Krimigis, 1965]--in terms of a diffusion process 

characterized by an equation of the form 

div ( D  grad n )  

where n i s  the  number density of pa r t i c l e s  and D i s  the diffusion 

coeff ic ient ,  which may be a function of posit ion.  Observed values 

of the time dependence of the number density have been f i t t e d  in to  

solutions of (1) by various authors t o  ex t rac t  values of D. 

One of the s t r ik ing  r e s u l t s  of such work i s  tha t  75 MeV protons 

and 40 keV electrons exhibi t  diffusion-type time h i s t o r i e s  

characterized by similar values of the diffusion coeff ic ient  

[Van Allen and Krimigis, 19653. The two classes  of pa r t i c l e s  have 

the same veloci ty  v but the magnetic r i g i d i t y  R of the protons i s  

2 x 10 3 times a s  great  as tha t  of the electrons.  

If diffusion i s  due t o  i r r e g u l a r i t i e s  i n  the interplanetary 

magnetic f i e ld ,  as i s  commonly supposed, it i s  c l ea r  t h a t  the fore- 

going f a c t  makes possible a n  extension of knowledge of the spectrum 

of i r r e g u l a r i t i e s  t o  much smaller scale than has been observed thus 

far [Coleman, 19661. 
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DIFFUSION CONSTANTS AND THE POWER SPECTRUM 
OF THE INTERPLANETARY MAGNETIC FIELD 

Magnetic f i e l d  l i n e s  in  interplanetary space t race  i n  rough 

out l ine [Wilcox and Ness, 19651 the Archimedian s p i r a l  form pre- 

dicted by Parker [1958]. Superimposed on t h i s  average f i e l d  a re  

random i r r e g u l a r i t i e s  [Coleman, 19663. Solar protons and 

electrons describe simple he l i ca l  paths around smooth segments 

of the l i n e s  of force. But they a re  deflected from such 

t r a j ec to r i e s  by magnetic i r r e g u l a r i t i e s  whose dimensions a re  of 

the order of t h e i r  respective gyro-radii  [Parker, 19643. It i s  

the cumulative e f f ec t  of a large number of such random deflect ions 

t h a t  r e s u l t s  i n  a diffusion-like process. The diffusion coef f ic ien t  

D can therefore be r e l a t ed  t o  the spectrum of magnetic i r r e g u l a r i t i e s  

[ Roelof, 19651 [ Gloeckler and Jokip i i ,  19663. 

Roelof [1965 3 obtains the re la t ion  

v2 T 
6 D =  

where v i s  the veloci ty  of the p a r t i c l e  and T i s  a measure of the  

relaxat ion t i m e  i n  veloci ty  space. T i s  given by 

where 

2v m c  
T = (p, nP ko 

qBO - - 
ko - mvc ' 

( 3 )  

(4) 
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m and q a re  the mass and charge of the pa r t i c l e ,  c i s  the ve loc i ty  

of l i gh t ,  Bo i s  the mean magnetic f i e ld ,  and P(k ) i s  the power 

spectrum of the f i e l d  f luctuat ions a t  the wave number k 

(4) .  

pa r t i c l e ,  and t h a t  T depends exp l i c i t l y  on the veloci ty  v and a l s o  

impl ic i t ly  on it through the wave number ko. 

0 

defined by 
0 

It i s  seen tha t  k i s  the reciprocal  of the gyro radius of the 
0 

We w i l l  assume t h a t  the magnetic f i e l d  i s  not exp l i c i t l y  a 

function of time but t ha t  the time dependence a r i s e s  impl ic i t ly  from 

s p a t i a l  var ia t ions  of the magnetic f i e l d  ( f ixed i n  the so la r  wind) 

a s  it i s  convected pas t  a given, f ixed point by the so la r  wind 

streaming with veloci ty  V. 

i s  r e l a t ed  t o  P(k) by 

Then the power p ( f )  a t  any frequency f 

since f = -  k .  2l-r 

Combining equations (2) through ( 5 )  : 

and 
V9B0 f o - - .  - 
2mvc 
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INTERPRETATION OF OBSERVATIONAL DATA 

The observations of Van Allen and Krimigis [1965] require 

tha t  

D (40 keV electron)  2 D (75 MeV proton) 

or  by equations (7) and (8), using B 

V = 400 km/sec, t h a t  

= 5 x gauss and 
0 

where m and m 

respectively,  and cps denotes the frequency i n  cycles per  second. 

a re  the masses of the electron and proton, 
e P 

Thus, 

p (0.50 cps) = 0.30 x p (2.7 x lom4 cps) . (10) 

Coleman ob se rve s tha t  

and fa l l s  off  more rapidly with increasing frequency above 

-4 6 x 10 cps. 

Our r e s u l t s  (9) and (10) apply s t r i c t l y  only t o  the two 

specified,  widely-different frequencies. However, i n  view of 

Coleman's observations and the physical implausibi l i ty  of a 
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power spectrum which i s  other than a smooth, monotonic function of 

frequency, we offer  the ten ta t ive  general izat ion t h a t  
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